Abstract: Understanding how birds use vegetation to obtain food resources has implications for habitat conservation and management. Restinga is a poorly known and threatened tropical habitat, associated to the Atlantic forest, that could benefit from this kind of information to know which plants can be used and dispersed by birds that can help on the maintenance of this habitat. Frugivorous and insectivorous birds are important components of tropical ecosystems, such as restinga. To provide more information regarding the ecology of restinga, we studied the feeding behavior and spatial use of this vegetation by birds at Restinga de Jurubatiba National Park, southeastern Brazil. We found that feeding behavior was similar to that recorded for the same species in other vegetation types. In addition, spatial use of the restinga vegetation by the most abundant species did not overlap greatly, except for two insectivorous species that used different foraging maneuvers and two frugivorous birds that foraged in flocks. The two most abundant species were generalists in their diet and were capable of feeding at the ground level on sand substrate. Resumo: O conhecimento das estratégias de uso da vegetação pela fauna para forrageio tem implicações para conservação e manejo de habitats. Restinga é um ambiente tropical, associado à Mata Atlântica, ameaçado e ainda pouco conhecido que poderia se beneficiar desse tipo de informação para conhecer quais espécies de plantas podem ser utilizadas e dispersas por aves que atuem na manutenção deste habitat. Aves frugívoras e insetívoras são importantes componentes de ecossistemas tropicais, como a restinga. Para fornecer mais informações sobre a ecologia da restinga, nós estudamos o comportamento de forrageio e o uso do espaço das aves no Parque Nacional da Restinga de Jurubatiba, sudeste do Brasil. Nós encontramos que os comportamentos de forrageio foram similares àqueles registrados para as mesmas espécies em outros ambientes. Além disso, o uso do espaço da vegetação de restinga pelas espécies mais abundantes não apresentou grande sobreposição, exceto por duas espécies insetívoras que usaram manobras de forrageio diferentes e duas aves frugívoras que forragearam em bando. As duas espécies mais abundantes foram generalistas em suas dietas e foram capazes de forragear no chão sobre areia nua. Palavras-chave: Mata Atlântica, comportamento, dieta, Mimus gilvus, Zonotrichia capensis. 
Introduction
Foraging ecology of birds often is limited by foliage structure, plant height and life forms and, therefore, plant community composition influences the ecology and composition of bird communities (Robinson & Holmes 1982 , 1984 , Holmes & Recher 1986 , Parker 1986 , Whelan 2001 , Hasui et al. 2007 ). Furthermore, some birds forage preferentially on certain plant species (e.g., Parker 1986 , Warburton et al. 1992 , such as conifer trees of economic importance (Airola & Barrett 1985) . Birds also are known to forage at different heights in the same plant species as shown by the classic work of MacArthur (1958) and others (Holmes et al. 1979 , Parker 1986 ). This pattern corroborates the idea that closely-related species that co-occur rarely use the same habitat in the same way, avoiding competition for limited resources (Wiens 1989) . Past and present selection, therefore, influences the ecology of interactions within any vegetation type, as well as the strength of those interactions. Some changes in vegetation structure and composition caused by deforestation may disrupt those interactions and change bird community composition ( Canterbury et al. 2000 , Gabbe et al. 2002 , Sekercioglu 2002 . Therefore, understanding how birds specifically use vegetation and individual plant species to obtain food resources likely has implications for habitat conservation and management, pointing out important plant species or structures that could be chosen for habitat restoration, which could attract seed dispersers to the area (Meli 2003) , resulting in acceleration of forest succession (McClanahan & Wolfe 1993) .
Frugivorous birds are important components of ecosystems, as they influence plant regeneration through seed dispersal (Stiles 1992 , Gorchov et al. 1993 , Pizo 1997 , Howe & Miriti 2000 , Bleher & Bohning-Gaese 2001 . However, foraging behavior of birds may influence their effectiveness as dispersers (Sorensen 1984 , Schupp 1993 , Witmer & Van Soest 1998 . Similarly, insectivorous birds are important components of ecosystems as they may control populations of insect herbivores on certain plant species (Van Ball et al. 2003) ; their preferences for some foraging microhabitats generally determine what species or type of prey are eaten (Wolda 1990) .
Restinga is a coastal Brazilian ecosystem that is geologically recent and relatively poor in the number of endemic species; flora and fauna of restinga are typical of the Atlantic forest (Rizzini 1979 , Lacerda et al. 1993 , Cerqueira 2000 , Alves et al. 2004 . However, there is little ecological information on restinga birds to confirm whether they have similar habits to other tropical ecosystems, including other vegetation types within the Atlantic forest region (but see Novaes 1950 , Venturini et al. 1996 , Castiglioni 1998 , Argel-de-Oliveira 1999 , Scherer et al. 2007 ). The seasonal presence of non-breeding birds , Alves et al. 2004 ) and the great threat to restinga from farmers and construction of second homes along the beach (Lacerda et al. 1993) highlight the importance of ecological studies that may inform conservation measures. Furthermore, marginal habitats to the Atlantic forest as restingas are often neglected in conservation strategies (Scarano 2002) .
The main goal of the present study is to examine spatial use of restinga vegetation by the most common terrestrial birds when foraging on fruits and/or arthropods. In addition, we present information on general foraging ecology of 37 other bird species that also feed on fruits and arthropods in restinga. By indicating what plants birds prefer to forage on and how they partition space during foraging, we expect to contribute to support conservation of restinga vegetation.
Material and Methods
Data were collected in the Restinga de Jurubatiba National Park (22° 17' S and 41° 41' W), created in 1998 in Macaé, on the north shore of Rio de Janeiro State. This region is a holocenic sandy plain covered by a mosaic of plant communities called restinga. The landscape is also marked by the presence of many coastal lakes with various salinity levels. Climate is characterized by a wet season between October and April and a drier season between May and September. Mean annual rainfall is 1200 mm and temperature 22.6° C. The dominant plant formation is the Open Clusia Formation, formed by patches of vegetation that cover 20 to 48% of the soil and reach 5 m high, with few small plants in between. The Park also includes forest formations, Ericaceae Shrub Formation and other formations with smaller plants, totaling ten plant communities (Henriques et al. 1986 , Araujo et al. 1998 , Pimentel 2002 ). The present study was developed in the Open Clusia Formation in two sites: next to "Lagoa Comprida" (22° 16' 41'' S and 41° 39' 41'' W) and approximately two kilometers to northeast from that site (22° 16' 13.2'' S and 41° 38' 50.3'' W) .
Observations were made between 6:00 and 12:00 h and between 13:00 and 18:00 h, walking along three parallel transects in each site. Each trail was approximately 200 m long and 50 m distant from any other transect. We walked at a constant speed until a foraging bird was detected; the bird was followed until lost. During 100 h of observations, we recorded the following information: bird species (following Dunning 1989 , Sick 1997 , and museum collections for Elaenia spp.), plant species (when possible), foraging height, foraging position (relative to plant height), food item and foraging behavior (maneuver). Foraging maneuvers were characterized as one of nine types (adapted from Remsen & Robinson 1990) , and then grouped into five categories: glean, on-perch maneuvers (reach, hang), sally (sally-strike, sally-pounce, sally-hover), ground maneuver (leap, lunge), and hawk. Food items considered were fruits and arthropods, and to determine predominance of one or the other in each species' diet, we considered the occurrence of those items in fecal samples and observations. Fecal samples were obtained from all birds captured, except for Columbina spp. (essentially seed-eaters), Trochilidae (essentially nectar-feeders) and nocturnal birds during 3640 net-hours (2.5 x 12 m; 36 mm mesh). Common names are as in Dunning (1989) and authors and years from CBRO (2007) .
We determined the relative availability of plant species to evaluate the foraging sites available and used by birds. Shrubs and trees (with 2.5 cm DBH or greater) with 0.5 m or taller were sampled using the point-centered quarter method (Sylvestre & Rosa 2002) . In each sample area, two transects separated by 40 m, with 25 points spaced at 10 m intervals were sampled; this resulted in a total of 400 plants sampled. At each sample point, we identified and measured the distance and circumference at 0.5 m height for the four plants closest to each point. We then calculated the Importance Value Index (IVI, Brower & Zar 1984) for each species, taking into account relative frequency (in 100 points), relative abundance and relative cover (basal area at 0.5 m high). Availability of each plant species was calculated as the total IVI for that species. From the available plants, 35% were identified only to morphospecies. We estimated the preference of bird species for each plant species using Jacobs' index:
where: u is proportion of that plant species used by the bird species, and p is proportion of plant species available (Jacobs 1974) . Only the plant species used when foraging for arthropods were used in this analysis, as fruit consumption depends on variables other than plant availability (e.g., fruit size, fruit abundance, chemistry) and will be discussed elsewhere. From the species used by the birds, only five species were not identified.
Here we include in each statistical analysis only the bird species with at least five independent observations for each variable (height, position, maneuver and plant species used to obtain arthropods or fruits), which we find to be the minimum to establish a pattern. This criterium resulted in five bird species studied in detail. To assure independent observations, only the first observation of sequential observations from an individual was used (Bell et al. 1990 , Hejl et al. 1990 . The main objective with these analyses was to draw a picture of the main foraging birds in restinga and indicate important plant species or structures. The classic discussion concerning competition between similar species is only approximated when comparing Coryphospingus pileatus (Wied) and Zonotrichia capensis (Müller) or Campstostoma obsoletum (Temminck) and Elaenia flavogaster (Thunberg), the most similar species with the minimum sample sizes.
To observe differences in the foraging heights, we built up notched Box Plots (Systat, 1990) . To group bird species according to their maneuvers, plant species, and position on the plant, we used BrayCurtis Ordination (BCO) (McCune & Mefford 1999) , as it avoids grouping species together based on the presence of zeros in the data matrix (Beals 1984) . Parameters used for these analyses followed McCune & Grace (2002) .
Results
We recorded 1.53 individuals foraging per hour of observation. This low encounter rate reflects the difficulty in detecting foraging birds in this habitat. Although it is an open habitat, the vegetation patches often are dense and compact. From the bird species detected foraging, 71.4% were frugivorous (fruits consumed in at least one observation), while the remaining species consumed animals (mainly arthropods -insectivorous) ( Table 1) .
We recorded foraging observations from 162 individuals of 25 species. The most common foraging maneuver observed was gleaning from a perch (20 species), while sally maneuvers were used by 10 species (Table 1) . Only two species foraged from the ground and five species used hawking maneuvers. When the five most commonly observed species were grouped by their feeding maneuvers, the first axis extracted 81.09% of the variation and the second 18.42%. Mimus gilvus (Vieillot) and Zonotrichia capensis clustered together in the ordination because they occasionally fed from the ground, although they used a variety of foraging maneuvers ( Figure 1 ). In contrast, Elaenia flavogaster, which frequently sallied, separated from the others; while Camptostoma obsoletum and Coryphospingus pileatus grouped together due to a preference for gleaning.
When species were ordinated based on plant species used for foraging on arthropods, the first axis extracted 80.0% of the variation and the second axis extracted another 16.7%. Camptostoma obsoletum and E. flavogaster presented the greatest similarity in plant species used as foraging sites (Figure 2a and b) . However, the ordination of birds in plant species space based on foraging for fruits (first axis with 89.25% and second with 10.72%) revealed that Z. capensis and C. pileatus were the species most similar to each other (Figure 2c and d).
Concerning foraging heights, E. flavogaster clearly preferred the highest heights, significantly differing from C. pileatus, M. gilvus and Z. capensis (no confidence interval overlap) (Figure 3 ). On the other extreme, Z. capensis preferred the lowest heights and differed also from C. pileatus and M. gilvus. Camptostoma obsoletum did not show a clear preference, not differing from the other four species.
Finally, the first axis of BCO for position extracted 87.7% and the second 11.6%. Zonotrichia capensis and E. flavogaster formed a group that preferred the upper part of the plants (from 50 to 99% of plant total height), while M. gilvus and C. pileatus used the top of plants and C. obsoletum did not show any preference (Figure 4 ).
Based on the results presented here, it was possible to establish the spatial arrangement of the five species while foraging ( Figure 5 ). Mimus gilvus occasionally foraged on the ground, although it preferred to forage on the top of plants, both in tall and short plants. It used many different plant species during its foraging activity for arthropods and for fruits. Elaenia flavogaster used the upper part of the plants and foraged at the greatest heights, both when foraging for arthropods and for fruits. Ocotea notata was a plant frequently used by that species. Camptostoma obsoletum was not observed foraging for fruits and used all heights and vertical positions equally. Some plants used by this species as foraging sites were also used by E. flavogaster (Figure 5a ). Coryphospingus pileatus did not show any preference for height, but preferred to forage in the canopy of plants. Zonotrichia capensis foraged at lower heights, but preferred the crown position. The latter two species presented some overlap while foraging for fruits in lower-level vegetation, but not for arthropods (Figure 5a and b) .
Four of the five bird species studied preferred to forage on Ocotea notata (Nees) Mez disproportionate to its availability ( Table 2 ). The preference of C. obsoletum for Garcinia brasiliensis Mart. was probably numerical, rather than biological, and related to the low abundance of this plant species. Mimus gilvus' preference for Clusia hilariana Schltdl. seems biological, as this plant was the second most available and was used considerably more than expected.
Discussion
Despite that restinga is an open habitat, with highly patchy vegetation and a harsh climate, bird species studied in detail were similar in their foraging ecologies to the same or closely-related species in tropical humid forests. The five most common species differed in height and plant species preferences, with little spatial overlap. Probably those characteristics are linked to their evolutionary histories in 
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Biota Neotrop., vol. 8, no. 4, Out./Dez. 2008 the tropical forest sensu strictu, and only those species with foraging strategies capable to allow survivorship in other habitats expanded their distributions to marginal habitats, such as restinga. This idea is corroborated by the fact that most species have their origin attributed to other habitats or biomes . Most birds species studied were frugivorous at some level, including the non-breeding birds at the study site Turdus amaurochalinus Cabanis, Platycichla flavipes (Vieillot), Tangara peruviana ( Desmarest), Cyanerpes cyaneus (Linnaeus) and Elaenia albiceps (d'Orbigny & Lafresnaye), E. chiriquensis Lawrence, E. cristata Pelzeln, E. obscura (d'Orbigny & Lafresnaye). Plants, therefore, are extremely important to that avifauna not only as foraging substrates, but also as direct sources of food. Frugivores have also been found to be numerically important in lowland wet forests in Costa Rica (30% of the total avifauna), especially among migrants (2/3 of the species) (Blake & Loiselle 1992). Furthermore, the probability of finding fruits and not arthropods in the diet of migrant omnivorous birds may be greater during migration than in breeding sites, as many species tend to increase their consumption of fruits before and during migration (Wheelwright 1986 , Martin et al. 1931 and Berthold 1976 apud Levey & Karasov 1989 , Blake & Loiselle 1992 .
The foraging maneuver mostly used by birds in restinga was glean, which was also found by Beissinger & Osborne (1982) and Volpato & Anjos (2001) in urban habitats and is presumably the maneuver that requires lower energy-expenditure (Remsen 1985) . We found that ordination based on foraging maneuvers grouped Figure 3 . Box plots of foraging heights of the studied species at Restinga de Jurubatiba, Rio de Janeiro State, Brazil (internal horizontal line = median; whiskers = minimum and maximum values; box horizontal limits: inferior = 25% quartile, superior = 75% quartile; asterisks = outliers. Boxes are notched at the median and return to full width at the lower and upper 95% confidence limits of the median). (for number of samples, see Table 1 ).
Figura 3. Distribuição das alturas de forrageio das espécies estudadas na Restinga de Jurubatiba, Estado do Rio de Janeiro, Brasil. (linha horizontal interna = mediana; traços horizontais = valores mínimos e máximos; limites horizontais das caixas: inferior = quartil de 25%, superior = quartil de 75%; asteriscos = outliers. As caixas são mais estreitas na mediana e retornam para a largura total nos limites de 95% de confiança inferior e superior da mediana). (para número de amostras, veja Tabela 1). Table 1 ). Biota Neotrop., vol. 8, no. 4, Out./Dez. 2008 species, in particular, was usually observed in pairs in the canopy, from where one of the individuals left and returned to meet the other after foraging (pers. obs.). The preference of tyrants for tall trees had already been shown by Cintra (1997) and it is related to their aerial maneuvering (Fitzpatrick 1980) . In contrast, Z. capensis and M. gilvus were the only species capable of frequent ground-foraging during the study, although the latter preferred greater heights. Mimus saturninus (Lichtenstein) was observed feeding on unpaved and paved grounds in a university campus of southern Brazil (Volpato & Anjos 2001) ; Mimus polyglottos (Linnaeus) also frequently foraged on the ground in North America (Breitwisch et al. 1987) . Zonotrichia capensis is also known to forage on the ground (Sick 1997) . Half of the species and individuals of resident birds of a desert shrubland in North America foraged on the ground (Parker 1986) , which was attributed to a dominance of foodgeneralist species in a highly unpredictable habitat. In the restinga studied in the present work, precipitation is not totally unpredictable, but may be scarce in the middle of the year. Furthermore, although arthropods and fruits fluctuate in abundance, there is no season of scarcity of those resources (Monteiro & Macedo 2000 , Gomes 2006 ). Foraging on the ground, birds likely encounter different arthropod prey than that found on plant surfaces (data not shown). Besides being generalists in feeding maneuvers, those species have a generalist diet species in accordance to the literature as Tyrannidae (E. flavogaster and C. obsoletum) generally use their wings (hawk and sallies) and Emberizinae (C. pileatus and Z. capensis) glean from perches (Moermond & Denslow 1985 , Moermond et al. 1986 ). Mimus gilvus, however, also used winged maneuvers to forage, as well as foraged from the ground; this species was positioned with Z. capensis in the ordination. Tyrants were investigated in greater detail in other works: Camptostoma spp. used only gleaning manuevers (Fitzpatrick 1980) , although C. obsoletum used glean and sally-strike in the same proportions (Gabriel & Pizo 2005) , and Elaenia spp used only sallies (Fitzpatrick 1980 , Cintra 1997 , Gabriel & Pizo 2005 . Those behaviors seem to be conservative for the species, independently of habitat, being forest edges or shrubby vegetations, as in restinga. Likely, species that frequently hawk are limited to open habitats. All of the tyrants studied here (see Table 1 ) are typical of open habitats (Sick 1997 ) and they were recorded more frequently in shrubby restinga than in restinga forest at the study site (Gomes 2006) . Those species, when recorded in the forest, were perched in or foraging from the forest canopy. Cintra (1997) studied the foraging behavior of tyrants in forest and field in the Amazon, and from the species that occurred in both habitats, their behaviors were conservative. In fact, the tallest trees (2 to 4 m; mainly Ocotea notata) seemed to be important especially for E. flavogaster and other tyrants. This Table 2 . Plant species availability (IVI, see text) and preference (Jacobs' index, see text) by the most common terrestrial birds observed feeding for arthropods at Restinga de Jurubatiba, Rio de Janeiro State, southeastern Brazil (in bold, positive Jacob's index values. -1.0 indicates that birds were never observed foraging on this plant. -means no data). Tabela 2. Disponibilidade de espécies de plantas (IVI, veja texto) e preferência (índice de Jacob, veja texto) pelas aves terrestres mais comumente observadas forrageando por artrópodos na Restinga de Jurubatiba, Estado do Rio de Janeiro, sudeste do Brasil (em negrito, valores positivos do índice de Jacob. -1.0 indica que as aves nunca foram observadas forrageando nessa planta. -significa ausência de dados). Neotrop., vol. 8, no. 4, Out./Dez. 2008 Raposo for helping at Museu Nacional do Rio de Janeiro (MNRJ). (Sick 1997 , Gomes 2006 . Generalist foraging strategies may have resulted in greater population abundances; they were among the five most abundant resident birds both in mist-netting and observations during two years of sampling (Alves et al. 2004) . In general, bird species did not overlap much while foraging, although some plants used by C. obsoletum to forage for arthropods coincided with those used by E. flavogaster. However, the latter species used mostly sallies and the former mostly glean, which likely resulted in each species foraging in different microhabitats of the same plant. In fact, three of the items observed to be consumed by C. obsoletum were Homoptera that formed a white layer on the lower surface of the leaves of C. hilariana and Manilkara subsericea (Mart.) Dubard; in contrast, E. flavogaster was never seen consuming Homoptera.
Plant
Coryphospingus pileatus and Z. capensis also overlapped in shorter vegetation while feeding on fruits. Indeed, both species were occasionally observed foraging for fruits in mixed flocks, while on other occasions, Z. capensis captured ants on the ground. This last species is known to forage in mixed flocks (Machado 1999) . The fact that fruits of a given species are ephemeral and patchy may explain flocking in birds, which facilitates encountering such resources Saracco et al. (2004) . Besides that, mixed flocks also take advantage of a greater vigilance against predators (Powell 1985) , which in an open habitat as the shrubby restinga may be critical. This seems to be the case for the cerrado (Tubelis et al. 2006 , Alves & Cavalcanti 1996 , a Brazilian biome that also has open vegetation.
Birds' preference for O. notata may, in part, be related to the architecture of this tree, which provided a better visibility of the foraging birds to the observer than other species did (pers. obs.). On the other hand, M. gilvus probably preferred to forage on C. hilariana for arthropods probably because it is a tall tree, from where this bird may defend its territory and also obtain some fruit when possible (pers. obs.). Such apparent plant preferences for O. notata and C. hilariana, may simply reflect that they were among the six species with the greatest importance values in a phytosociological study of the same plant formation (Araujo et al. 2004) .
Although restinga is a marginal habitat in the Atlantic forest, frugivorous and insectivorous birds foraged similarly to other Neotropical habitats. Concerning birds and their foraging ecologies, it seems that Restinga de Jurubatiba preserves its ecological patterns, as indicated formerly by Rocha et al. (2003) . The present work is further evidence of the importance of birds for conservation of this restinga vegetation structure and plant composition. Our main contribution to restoration measures in restinga were having pointed out that Clusia and Ocotea are important plants to attract bird species, which in turn, could disperse their seeds and other plant species' (Gomes et al. 2008) , helping the successional process. Future studies should evaluate in more detail bird species behavior and habitat requirements, trying to unmask differences in fitness among forest and marginal habitats as restingas.
